Study Design. Retrospective, cross-sectional study. Objective. To evaluate the feasibility of two screws anterior fixation of the odontoid process among Arab adults. Summary of Background Data. Anterior screw fixation is the treatment of choice for type II odontoid fractures. In order to perform the procedure safely, the diameter of the odontoid process should be wide enough to allow for the placement of one or two screws. Methods. A retrospective review of 156 computed tomography scans of the cervical spine was done. The included patients were Arabs, adults (at least 18 years old), and had no evidence of upper cervical spine trauma, deformity, infection, tumor, or surgery. The minimum external transverse diameter (METD), minimum internal transverse diameter (MITD), minimum external anteroposterior diameter (MEAD), and minimum internal anteroposterior diameter (MIAD) of the odontoid process were measured. A P value of 0.05 was considered as the cutoff level of statistical significance. Results. Our study included 94 (60.3%) males and 62 (39.7%) females. The mean age of the subjects was 37.8 AE 16.9 years (range 18-85). The mean values of the METD, MITD, MEAD, and MIAD were 8.7 AE 1.0 mm, 6.0 AE 1.1 mm, 10.3 AE 1.0 mm, and 7.4 AE 1.1 mm, respectively. Men had larger diameters compared to women. This was statistically significant for METD (P ¼ 0.035) and MEAD (P < 0.001). The METD was <9.0 mm in 95 (60.9%) subjects, while the MITD was <8.0 mm in 153 (98.1%) subjects. These findings were not significantly different between males and females. Conclusion. Two screws anterior fixation of type II odontoid fracture is not feasible among the majority of Arabs.
O dontoid fractures are highly prevalent injuries, accounting for up to 20% of all cervical spine fractures. [1] [2] These injuries are common among the elderly after low-energy trauma such as fall from standing height, whereas younger patients sustain these fractures with high-energy trauma such as motor vehicle accidents and sports impact. [3] [4] Three types of odontoid fractures were described. 5 Oblique avulsion fractures of the apex are described as type I, while fractures at the waist of the odontoid process (ie, the junction of the body and neck) are considered as type II. Moreover, type III includes fractures that extend into the body of C2.
Type II odontoid fractures represent 60% of dens fractures. 2, [6] [7] These fractures are unstable, and are prone to displacement and nonunion. 4, 6, [8] [9] [10] Anterior screw fixation is the treatment of choice for type II odontoid fractures. 5, [9] [10] [11] [12] [13] Whether placing one or two lag screws into the odontoid process, this technique provides rigid fixation of the fracture, allowing for fusion and union with the preservation of atlantoaxial rotation. Union rates were reported to be very high, reaching up to 82% to 100%. [9] [10] [14] [15] [16] Nevertheless, this technique is not suitable for every patient. The diameter of the odontoid process should be wide enough to allow for the placement of one or two screws. 17 Placing screws in a dens with small diameter can result in screw violation and injury to critical neurovascular structures.
Controversy still exists with regard to placing one or two screws for type II odontoid fractures. 9,14,18 -19 Morphologic studies of the odontoid process were done to evaluate the feasibility of placing two 3.5-mm cortical screws safely. 17, [20] [21] It was found that the external diameter should be at least 9.0 mm to allow safe placement of two screws with tapping the cortices. On the other hand, an intramedullary diameter of 8.0 mm is required to place two screws without tapping. These findings should always be considered by spine surgeons when planning for anterior fixation for their patients.
Several investigators have studied the dimensions of the odontoid process among patients of different ethnic groups; however, Arabs were not included in any of these studies. 17, 20, [22] [23] [24] [25] In this study, we aim to evaluate the feasibility of two screws anterior fixation of the odontoid process among Arab adults. We aim to do so by assessing the diameters of the normal odontoid process in this population of patients.
MATERIALS AND METHODS

Subjects and Setting
A retrospective review of CT scans of the cervical spine was carried out at a general hospital in Kuwait. The scans included were those which were obtained between January 2014 and June 2015. The study protocol was reviewed and approved by our local institutional review board. The inclusion criteria were patients who were Arabs, adults (at least 18 years old), and had no evidence of upper cervical spine trauma, deformity, infection, tumor, or surgery.
The images were obtained using a 64-slice multidetector CT scanner (highspeed QX/i; GE Medical Systems, Milwaukee, Wisconsin, WI). The gantry rotation speed was 0.8 seconds per rotation. The patients were lying in supine position while images were being taken. The cervical spine, from the base of the skull down to the upper thoracic spine, was scanned in craniocaudal direction. Slice thickness of 5 mm, pitch of 1.5, table speed of 15 mm per rotation, reconstruction interval of 2 mm, tube voltage of 120 kV, and tube current of 200 mA were used during the scanning process. The transferred transverse CT scans were reviewed as digital images using a picture archiving and communication system workstation monitor (IMPAX, DS3000, AGFA, Mortsel, Belgium). Coronal and sagittal multiplanar images (MPR) were reconstructed. The diameters of the odontoid process were measured from the reformatted images. Two expert radiologists assessed the CT scans.
One hundred and fifty-six patients were included. Four different diameters of the odontoid process ( Figure 1A -D) were measured for each patient. These diameters included the minimum external transverse diameter (METD; the minimum odontoid diameter measured between the external cortices in the coronal plane), minimum internal transverse diameter (MITD; the minimum odontoid diameter measured between the internal cortices in the coronal plane), minimum external anteroposterior diameter (MEAD; the minimum odontoid diameter measured between the external cortices in the sagittal plane), and minimum internal anteroposterior diameter (MIAD; the minimum odontoid diameter measured between the internal cortices in the sagittal plane). These definitions were used previously by other investigators. 23 The intraobserver repeatability and inter-rater reproducibility of the diameters were assessed. One week after the initial evaluation of the images, the measurements were remeasured by the same radiologist as well as an independent investigator for 20 patients.
Statistical Analysis
The collected data were analyzed using the Statistical Package for Social Sciences software version 17.0 (SPSS Inc., Chicago, IL). Descriptive results were measured for all the variables. The association between patients' gender and the diameters of the odontoid process was evaluated using the Student t test. The METD and MITD were recorded into binary qualitative variables based on the diameter that would allow safe placement of two anterior screws. Chi-square test was then used to assess the association between these recoded variables and patients' gender. A P value of 0.05 was used as the cutoff level of statistical significance. In addition, the reliability of the measurements were examined using the inter-and intraclass correlation coefficients. 26 
RESULTS
Our study included 94 (60.3%) males and 62 (39.7%) females. The mean age of the subjects was 37.8 AE 16.9 years (range 18-85). The mean age for males was 35.4 AE 14.5 years, whereas it was 41.5 AE 19.5 years for females (P ¼ 0.036). The reproducibility and repeatability of the morphometric measurements were substantial to almost perfect, respectively, based on the inter-(0.74) and intraclass (0.99) correlation coefficients. Table 1 summarizes the diameters of the odontoid process in our sample of Arabs. The means of the METD, MITD, MEAD, and MIAD were 8.7 AE 1.0 mm, 6.0 AE 1.1 mm, 10.3 AE 1.0 mm, and 7.4 AE 1.1 mm, respectively. Men had larger diameters compared to women. This was statistically significant for METD (P ¼ 0.035) and MEAD (P < 0.001). The METD was <9.0 mm in 95 (60.9%) subjects, while the MITD was <8.0 mm in 153 (98.1%) subjects (Table 2) . These findings were not significantly different between males and females.
DISCUSSION
This study demonstrates the diameters of the odontoid process among Arab adults. Based on our findings, two 3.5-mm screws anterior fixation technique for type II odontoid fracture is not feasible in the majority of Arabs. Inserting two screws with tapping can be safely performed in less than 40% of our sample, whereas less than 2% can accommodate the screws without tapping.
Compared to other ethnic groups, the two screws anterior fixation of the odontoid process is less suitable for Arabs. 11, 17, [23] [24] [25] It was found that inserting two 3.5-mm screws with tapping in the odontoid is a feasible technique among 95% of North Americans, 72% of Asians, 70% of Europeans, and 65% of South Americans. Nevertheless, only 39% of Arabs can undergo this procedure safely based on our findings. Moreover, inserting two screws without tapping is feasible in a higher percentage of North and South Americans compared to Arabs. 17, 23 These differences in between the studies could be explained by the method of obtaining the measurements, where some investigators measure the diameters in the axial plane while others in the sagittal and coronal planes. The best view of measuring the diameters is not clear; however, the entire dens can be seen on the coronal and sagittal planes, which makes it easier to identify the narrowest part of this bony process. In addition, genetic differences should also be considered when studying the morphologic features of the human anatomy among different ethnic groups.
Since using two 3.5-mm screws for anterior fixation of the odontoid process is not suitable for the majority of Arabs, spine surgeons should carefully select the best treatment option for their patients. The individual anatomy of the dens, as well as the geometry of the fracture, should be carefully studied in the preoperative planning period. Other treatment options have to be considered in order to avoid serious complications in patients who are unfit for this procedure. Nonsurgical management in the form of prolonged bed rest, traction, cervical collar immobilization, and halo-vest orthosis can result in bone union in up to 65% of the cases. 9, 27 Additionally, a higher healing rate (>90%) with posterior fixation and fusion can be achieved for this type of fracture. 8, 9, 28 On the other hand, this technique can result in stiffness of flexion and extension, and complications such as vertebral artery injury and loss of fracture reduction. 29, 30 Other alternatives would be the use of two screws with smaller diameter (ie, 2.7 mm) or one screw anterior fixation. 13, 18, [31] [32] [33] [34] No biomechanical differences were found between using one or two screws for anterior fixation of the dens, and few surgeons reported successful results using a single screw for such fractures. 21, [34] [35] [36] Readers of this study should keep in mind some limitations while interpreting the results. We studied the diameters of the normal odontoid process in order to assess for the feasibility of inserting two odontoid screws. When planning for using this technique for patients with type II fractures, other factors can affect the choice of treatment. These include the geometry of the fracture, the quality of the bone, and the fracture response to initial immobilization.
Two screws anterior fixation of type II odontoid fracture is not feasible among the majority of Arabs. Spine surgeons should perform proper preoperative morphometric assessment of the odontoid process before operating on this group of patients.
Key Points
Females had smaller odontoid diameters compared to men. Two screws anterior fixation without tapping is feasible in less than 2% of Arabs. Two screws anterior fixation with tapping is feasible in less than 40% of Arabs. A careful preoperative morphometric assessment of the odontoid process is a must before operating on this group of patients.
